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OVERVIEW
MODULE SEVEN

Combination Circuits and Voltage Dividers

/

In this module, you will learn to apply the rules you learned for
series and parallel circuits to more complex circuits called series-

parallel circuits. You will discover the utility of a common re-

ference when making reference to voltage values and learn how to

obtain a required voltage from a voltagz divider network.

For you to more easily learn the above, this module has been divided

into the following three lessons:

Lesson |, Solving Complex Circuits .
Lesson |1, Voltage Reference
Lesson 111, Voltage Dividers . . . .

.TURN TO THE FOLLOWING PAGE AND BEGIN LESSON 1.
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Overview Seven- |

OVERVIEW
LESSON |

Solving Complex Circuits

In this lesson, you will study and learn about the following:

-ccmposing and reviewing rules for
series and parallel circuits
-redrawing circuits

-finding equivalent resistance
-finding total resistance

-solving for branch currents

-solving for voltage drops

.BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON |

Solving Complex Circuits

To learn the material in this lesson, you have the option of

choosing, according to your experience and preferences, any or

all of the following:

STUDY BOOKLET:
Lesson Narrative
Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1la “Basic Electricity, Direct Current."
Fundamentals of Electronics. Bureau of Naval Personnel.

Washington, D.C.: U.S. Government Printing Office, 1965.

N

YOU MAY NOW 3TUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YoU
MAY TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRAT i VE
LESSON |

Solving Complex Circuits

You have already learned about series circuits and parallel
circuits, but you will seldom be working with either of these
as separate circuits. Most networks you will encounter will

be combinations of these two types. We have several names for
these -- series-parallel circuits, combination circuits, or
complex circuits. Your power supply is an example of a series-
parallel network.

To solve complex circuits, you need to apply the rules for
series circuits to the circuit components wired in series and
the rules for parallel circuits to the circuit components in
parallel. For this reason, let's compare and review the rules
for series and parallel circuits.

Comparison and Review of Rules for Series and Parallel

SERIES PARALLEL
Current : Common
lT = l] = I2 = l3 = ,,. Equal to sum of branch
currents (Kirchhoff's
Current Law).
lT = I] + I2 + I3 + ...
Voltage Sum of voltage drops Common

equals applied voltage E_ = E] =E, = E3 = ...
(Kirchhoff's Voltage

Law). :
= + + + ...
Ea E] E2 E3
Resistance Resistances are Total resistance is the
additive. equivalent resistance

RT = Rl + R2 + R3 + ... as seen by the source

' and is always smaller
than the smallest branch
resistance. .
Solved by:
1) Reciprocal method:

1
Ry= T/RT + 1/R2 + 1/R3

(CONTINUED NEXT PAGE)
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2) Equal Branches:

R_= . one resistor
T number of branches

3) Product Over Sum:

R_= R1 x R2
T~ RI + R2
R is always less than the

sfdllest resistor.

Branch resistance controls
branch current.

Power P. is equal to the sum Same as for series: :
oF power consumptions PT = Pl + P2 + P3 + ...+ P
of individual resist-

ances.

Redrawing

‘You will often find that a circuit in an instruction book or
blueprint is hard to use because it shows many sections of the
system which do not concern you at the moment. You may have to
redraw the section you are concerned with to get a better idea of
how it works. A good way to do this is to follow the electron
flow through the network, drawing each part or junction as you
proceed.

An overall schematic of the Simpson Model 260-5P multimeter is
on the next page.

n




""" S Seven-|

Narrative BEST COPY AVAILADLE

Ima

R x100

R XlOvooo

aiwti'o

2 " 'o' [:
89 434 : O 30
4




Narrative Seven-|

If your meter is inoperative on the 1000 VDC range only, there is
no need to check all the components in the meter. Here is a draw-
ing showing only the 1000 VDC section.

R R1)y R15

- Fy Ro7 My Ry R12 8
(-}—’\r—@—{’ )—AN\»—NV,-W"‘QD
Kk L7 150ks: JOMo Me 15MQ

This schematic was drawn by starting at the common (-) jack
(assuming the meter was set up for +DC, 1000 v operation) and

by tracing the current path through the circuits. The only com-
ponents shown are the ones that carry current, and no switches
are shown.

It is usually helpful to reduce a section to its simplest form.
This process is sometimes called complex-circuit reduction or
simplification.

This schematic illustrates a series-parallel circuit. Observe

that Rl is in series with the source. However, R2 and R3 are

not directly in series. They make up a parallel network within the
configuration. To see this,

trace the path of current from

J’ R;>/§?y r—__lﬂ__. the source through Rl to point A.
Ea=

At point A, current divides be-

10 R RB tween the two branches of the
—_— v 100
T ” 100 parallel network, and then comes
together again at point B and
continues to the source.
B

Finding Parallel Equivalent Resistance

To solve for total circuit resistance, we first need to find the
equivalent resistance of the parallel network.

What is the Req of gg_and R37

By using the equal branch method you found that Req === 5 Q.

Now that you know the equivalent resistance of the parallel
branches, you can simplify the complex circuit and redraw it in
this manner:

R V'V
1 5%
R
41 2 3
1 Ea® 1702 € 100
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Notice that the R in the reduced circuit represents the
equivalent resistdfce of the parallel branches. Now the com-
bination circuit has been simplified to a series circuit with
two resistances.

Finding Total Resistance

You can further reduce the circuit to a circuit with one resistance.
This can be accomplished by adding the two resistances in series to
combine them into one representative resistance value, which is

total resistance of the comnlex circuit =-- 10 ohms.
— N \A\—
R1=5 Q
— gd= SReq (V- Req(2)=
[10v 5Q 109

You have now redrawn the complex circuit twice.

Once the circuit is reduced to its simplest form, it is a simple
matter to solve a series-parallel circuit for other values.

What is lT for the circuit above?

E

= -— = la

T RT

Observe that you have taken three steps toward solving for quantities
in the complex circuit.

By Ohm's Law, you found that |

1. Find R of the parallel network and redraw the circuit to
reflect9R

2. Find totafdresistance and reduce circuit to its simplest form.
3. Find total current by using Ohm's Law.

See if you can follow the three steps to solve for total current
in the series-parallel circuit below.

NN\~ AN
R1=SQ \ R2=10s>. \

1 Ees R4=100

1Sy
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You must first decide which resistors are directly in series
with the source. That is, through which resistors does total
current flow?

You can see by tracing the path of current from the negative ter-
minal that total current flows through Rl and R4. Current divides,
however, through the parallel network, so that total current does
not flow through R2 or R3.

Step 1.
Find R of the parallel network and redraw the circuit to
refleckir . R =
eq eq
AN
A R2=1OQ B
A\ /\ ,\/._____,_..___
. ‘ R =52
. bas 1 ) L _ANNS—
a R4=100
15v :
R, =50
L
AT

You could have calculated R (R2 and R3) by the equal resistors
method == dividing 10 ohms 89 the number of branches, 2; Req =5 Q,

The redrawn circuit looks like this:

A AYA e
B2
Req=
= 5
Ea=15v . Rh=SQ
AAA———

Step 2.
Find the total resistance (equivalant resistance) of the total

circuit, and reduce the complex circuit to its simplest form.

RT =

11
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Recall that in a series circuit R = R] + Req + R4,

. T
Thus:_l_
Ry =15q

ey

baml5y RT = 5Q + 5Q + 65Q = 160

Having found total resisfance, and knowing the applied voltage,
you can calculate total current.

Step 3. '
Applying Ohm's Law, find total current. IT =

I =-2=13V_,

T RT 15 @

After you have completed these three steps, you can solve for
branch currents through the parallel network and voltage drops
across individual resistors.

Solving for Branch Currents

Sometimes we can solve for branch currents when we know total
current by tracing the path of current flow. Again looking at

H !
our complex circuit, let's solve for IRz and |R3'
A
A R,=10q 8
'ﬁv:SH | We know that total current from
172° the negative terminal of the source
- ‘—"‘ngV”'J‘ is | amp. Therefore, 1 amp of
'“‘fﬁv R3 209 current flows through Rl. At
— point A, current divides and flows
R =€q through the two parallel branches.
N Because R2 and R3 are equal,
VVV current divides equally so that .5
amp flows through each branch.
Thus | .5 a and | .5 a. Then at point B, the two branch
curren?s of .5 amp eacg unlte to become total current of | amp

again. One amp flows through R4 and back to the source.
Another approach to finding branch current is to first solve for

the voltage drops across eacnh resistor, then determine branch
current by Ohm's Law.

12
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Solving for Voltage Drops

Again looking at this circuit, we already know that total current
is 1 amp. By ohm's Law, if 1 amp of current flows through Rl and
the resistance of 21 is 5 ohms, then E,, must be 5 volts. Similarly,

E is also 5 volts., Therefore,
across Rl and R4, we have 10 volts
dropped. We know the applied volt-
age is 15 volts. By subtracting

10 volts from the 15 volts, we dis~
cover the voltage drop across the
equivalent resistance must be 5
volts, according to Kirchhoff's

Law -~ the sum of the voltage drops
in series equals the applied voltage.

As voltage is common in a parallel circuit, what is the voltage

drop across R2? . Across R3?
E,, = 5v, E 3 = 5 v. Now that you know the voltage drops, you
caf solve for’current through each leg of the parallel network.
E
R2 5v

| = —— = —=—— = ,5 a or 500 ma

R3 is equal to R2; therefore, IR3 = 500 ma.

There is another approach to find the voltage drops and current
through the brancnes of the parallel network.

We know that current in this

A -8B circuit is 1 amp until it gets
r"gytgzgg_"// ;o point A, At point 3, cur;ent
A A A 2 oes not see two resistors o
[— R.=5q ] 10 ohms each; instead, it sees the
[_~ 1 L AAA— equivalent resistance of 5 ohms;
d! R.=10 then voltage across the parallel
~—TLa= 37 network Is 5 volts. l. xR = 5v.
15v " |In a parallel network, voltaae is
R, =57 common ; therefore, Eo, = 5 v and
L’ Epy = 5V
R3
AN\

Knowing E and R of each branch in the parallel network, find

lRz and 'R3' ' i
RZ T ————

R3 ~—m—o—m— ———

13
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By using a different approach, you have again fourd that lR2 and
lR3 are each .5 amps.

Let's solve a complex circuit with unequal resistors in the parallel

network -- one 3-ohm resistor and one 6-ohm resistor.
A AN
Ry=15¢Q
1 g? - R =
—t— 2 j
— 71  Lan
20v 3Q 6Q
Rh=3r.\.
AN, \—
Step One..
Find R of R2 and R3, Redraw circuit. R =
eq —_— - eq

We can find Re of R2 and R3 by the reciprocal method.
Recall the foFfula:

]
R =
eq 1 1 1
RTTRZ YRS
_ ] 1 _ 2,
eq = l.+ ] and 75 therefore
36
o _1_6_
eq 2 4 ] -3 3 2 @
& 6 6

NOTE: Recall that you can also find R__ of R2 and R3 by the
product over the sum method:

R = R2 x R4
eq R2 + Rb
"'E‘QY?GV-“—" _ 3x6 _ 18 _
l 1 Req= Req g -g=2¢
—r— Eam
20v 29
R =30
L 3
—— AAA—
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Step Two.

Find RT‘ Redraw gircuit. RT =

o Once you find the Re , you can add

| Gas= R, = the values of the twd resistors and

'__:-Eﬁv v the Req to find Ry = 20 Q.
200

Step three.

Find IT' IT =

. . 20v

By Ohm's Law, if RT is 20 ohms, and Ea is 20 volts, then | - 200" la.

Now to solve for circuit voltage drops and branch current, we
can use either of the two procedures we discussed previously.

The Voltage Drop Approach
This approach adds up the voltage drops across resistances
directly in series with the source, then subtracts this total
from the amount of applied voltage. The remainder then is the
voltage drop across the equivalent resistance, as shown below.
E=1IR
AAAAA A ERI = la x 15Q
Ry=152 l
4 R = QR.= E., = 15v
—— Eam= 2 3 R1
20v RE =3 ? > o ERh = la x 30
By = 3V
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ER|+ ERM = |5v + 3v = 18v

Ea = 20v; thus 20v - 18v = 2v drop across Req.

Voltage is common in a parallel network: E_, is 2 volts; there-
fore, ER3 is 2 volts., Then we can find branch currents in this
manner.,

_E 2
Current through R2: | = R or lR2 =30

lRz .667a or 667ma
2v

R3 = B = ,3a or 333 ma

Current through R3: l

The alternative approach solves first for voltage across the
equivalent resistance, then accordingly solves for branch currents
in the parallel network.

ng A Here, current sees the equivalent
( N resistance of the parallel circuit --
-[- 15 .. v 2 ohms. Voltage across
R =
< R3= R = E = R
Ea| 20vR = 3° 32 6 0 eq
) E=1la x 20
NV 3
E=2v

Thus, the voltage drop across R2 is 2 volts and across R3 is 2 volts.

Then you can figure current through the resistors in parallel:

= 2V . _2v _
lRz =3 667 ma lR3 = g5 = 333ma

As you can see, using either method, we can solve the complex
circuits.

Another Configuration

The first step in solving a complex circuit is to reduce the
circuit to a basic circuit. Let's look at another series-
parallel configuration and see how we go about solving it. Notice
that in this circuit, R2 and

= R3 are In series within a
Rz parallel branch,
10
1
_.:'r_ R1= R3'
10 K
Ea v 20 10

16
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To reduce this circuit, it is necessary first to determine the
equivalent of R2 and R3. Resistances in series are additive;
— — therefore, resistance in the
second branch of the parallel
network is 20 ohms, and we can
Req= redraw the circuit in this way.
1 20

Fa | 10v

Then we can further reduce the network to a basic series circuit by
finding the equivalent resistance of the parallel network, and re-
drawing the circuit. After we
have reduced the circuit to a
basic series circuit, we can

Eas J: apply Ohm's Law and rules for
10v R, = series and parallel to solve for
-:f— 50'» any quantity in the complex circuit.

Practice

1. By the methods you have just learned, find the following
quantities in this circuit.

R. =

[}
—
0

n

m
([
&
o
)

Eas LOv

'Rl = ~ Recall that redrawing the circuit helps
' to understand it and solve it.

Answers begin on page 19
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Practice
2. A AAY
R1 5 : -
2.5
__:n_-_.
100v R.=
2.5
L

Note: This configuration is a little more complex than
those you have previously worked. Ask yourself whether R3
is in parallel or in series with R4 and R5. The question
to ask is: How many paths are there for current flow?

Reduce the circuit. Solve for:

Ry Epgs o
Iy lhpt .
BRy —— 'Ry ——
ERa —— "Ryt ——
Ergs — lhst ——
BRyr ——
Practice

3.

Using rules for series and parallel circuits and methods you
have just learned, you can solve for any quantity in a com-

plex circuit even when resistance values are unknown. Solve
for R3.

-
N/
R3 = 8ma
R2=
N R3
[Ea=
24v 6ma
Rl'

14y
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1. Reduction:
r—“" AN
| R, =2
- L Req=
Ea | 40v 8¢
Ry = 105 'Rl = ba
= = ta | o 00
Eqy = 8 '3 = 3:23 Ea | uov !
ER2 = 32v PT = 160w
ER3 = 32v
2. Redraw to: R1=
= 100 0
Rp = 108 _[r"fV;VSF R, = Req=
2 109
|T = 10a €a [100v 100 ’
Eqy = 50v _— ] (adding in series
R3, R4, and R5)
ER2 = 50v
€,, = 25v. - (finding equivalent
R3 Req of parallel net-
ERh = 12.5v 50 work)
ERS = 12.5v
'go = 52
lR3 = Ga (adding equivalent
— Req= resistance + R1)
th = ba Ea | 100v 10¢
IRS = ba ‘-‘
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3. You know that:
Ea = 24y

ERl = |hy

therefore, the vnltage drop across the parallel
network must be 10 volts.

If there is a total current of 8ma and current through R2 is
éma, then current through R3 = 2ma.

I f IR3 = 2ma, and

ER3 = |Qv,

then R3 = 5k.:

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY
ANY OF THE OTHER RESOURCES LISTED. |IF YOU TAKE THE PROGRESS CHECK
AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON.
IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN
ANSWER ALL THE QUESTIONS CORRECTLY.

20
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PROGRAMMED INSTRUCTION
LESSON |

Solving Complex Circuits

TEST FRAMES ARE 17, 34, AND 38. AS BEFORE, GO FIRST TO TEST FRAME

17 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE
DIRECTIONS GIVEN AFTER THE TEST FRAME.

1. A series-parallel circuit is a circuit which contains elements
of both series and parallel circuits. There is a portion of the
circuit which has source voltage divided among loads, and there
is at least two junctions where currents divide and/or combine.

A circuit which is made up of both series and parallel sections
is called a circuit.

(series-parallel)

2. The simplest form of a series-parallel circuit requires three
resistors (or some other load devices), and these three
components may be arranged in either of two ways to meet our
definition. A B

and .

(R2, R3)

3. The series network of circuit B in frame 2 is composed of
. and .

21
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L, Draw a schematic diagram of a series-parallel circuit consisting
of a source, a switch, a fuse, three resistors and the wiring to
connect them so that the fuse and switch control current through

all three resistors in the series-parallel connection. Label all
components with appropriate circuit symbols.

5. Actual circuits are complicated and seldom follow neat patterns.

For this reason, you must learn to systematically trace the current
path to simplify the circuit schematic.

On the following page is a schematic of the Simpson 260-5P multimeter.
You can see that the current path through the circuit is not readily
apparent. We will follow a step-by-step procedure through the
schematic and redraw one of the many possible current paths.

What is the purpose for redrawing a complicated schematic diagram?

(To simplify the schematic and make it more easily understood.)

22
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6. Look at the schematic in frame 5. At the bottom you see the
positions of both the Range Selector (SW1) and the Function
Switch (SW2). Directly above the 1000 v and the ~DC positions
you see a number of switch contacts represented by and con-
nected by dotted lines.

When the switch position is changed, the contacts ganged by the
dotted iines move in the same direction at the same time. The
schematic indicates both switches in the fully counterclockwise
position.

Rotate the Function Switch one position clockwise and list the
numbers of the contacts moved and the direction moved (left or
right).

(Contacts |1, 7, and 2 each move one position to the right.)

7. One more thing about the switch contacts and we will get started.

The switch contacts designated by are movable, you see contacts
designated by (:) or (C_ ), these contacts remain stationary as
the switch position is changed. Note that the movable contacts
touch different stationary contacts when the switch is moved.

Indicate by number the movable contacts of the Range Selector in
the 1000 v position and the non-moving contacts which they touch.

(1,3 and 12 touch 2; 7 touches none; 2 touches 2; 9 touches none;
6 touches 3 and 5, | touches 1)

8. All of this simply means that if two switch contacts are touching,
current can flow from one to the other.

In frame 6, the function switch was rotated clockwise, to the +DC
position. Indicate by number the movable contacts and the contacts
they touch.

------------------------------------

(1 touches none; 7 touches 9; 2 touches 4)

(Remember this because as we go through the schcmatic the Function
Switch is to be in the +DC position.)

Q 24
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9, Take a look at the schematic again. Notice conductors crossing

in two ways: ? and *

——%}—— indicates a crossing but no connection.
{ indicates .

{a connection)

10. Let's set up the conditions of the circuit.

1. Range Switch -~ 1000 v position.
2. Function Switch - + DC position.
3. Starting Point - Common -(-) jack.

(You could pick any point to start. We selected this po’nt since
we are tracing current, and electrons will enter at this point.)

With the common (-) jack as the starting point, the first component
the electrons enter is .

. (Fuse F1)

11. Drawing the circuit as we go, we have:
O—rnr—C
Common Fq 7

The current is now at movable contact No. 7 of the Function
Switch. Where does it go from there?

(Contact No. 9 of the Function Switch)

25
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12. Now you have a decision to make. Does the current go to the
right or to the left at the junction? Let's take a look at the
conductor going to the right,

Can current flow through this conductor?
Why? .

(No. Contact No. 3 of the Function Switch is open.)

13. So we go to the left, and we have this much of the schematic
redrawn,
F 7 9 3 1 2

©—
SW-2 SW-1

The current comes to a series of junctions. What is the next
component through which it flows?

(R-27. A1] the other conductors end at open switch contacts.)

26
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14, From here the current flows through the meter movement. Complete
the tracing of the circuit and complete the circuit below.

F SW SW 27
@ "\/ {y / AV o R-2 @
2 |
F SW-2 SW-1  R-27 SW-1 R- ) )
OB DDV BB RPN DAN— S
——mm T Thw sWi sW2 ek
- Q) © OO—)——©®

(1f your circuit doesn't agree with this one and you cannot

determine the problem upon re-examination of the schematic,
check with your learning supervisor.)

----------------------------------------------------

The purpose for all of this is to get you to think and see the
importance of following a logical process when dealing with
complicated circuits. You will not be required to solve any-
thing nearly so complicated in this school, although you will
in later training schools.

Now let's get back to a simple series-parallel circuit; but
remember: WORK IN A SYSTEMATIC MANNER AND FOLLOW THE CURRENT.
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If the values of all the load devices in a series-parallel group
are known, the value of an equivalent resistor may be found by
combining the methods used for series connections with those used
for parallel circuits. To further understand this process, follow
these steps:

First, let's find the equivalent
resistance for the paralle! por-
tion of our circuit.

R = B'z
eq n
-
. The circuit can be redrawn to
R1= show Rl in series with the R
eq
" 50 of R2 and R3 found above. We

can now reduce this series circuit
to its equivalent resistance which

Req= is R..
50 T
RT =
= R,®
109 You have now found that the
resistance is equal to 10 ohms,

and we can replace the entire
series-parallel network with a
single equivalent resistance
of 10 ohms.

This is known as complex circuit reduction or simplification.

28
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15. cont'd,

Simplify the circuit below and redraw.

—_—ls Rt= 200
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16. Now a rather complex circuit will be used to demonstrate most of
the situations which you might meet in practical work. Examining
the circuit below, you can see that it is made up of groups of
series and parallel networks. Let's work this problem through to
its simplest form.

[

Find R [i.e., R4 and R5]:
eq(a)

Es
Req(a) =
Ru=
20
Flné Req(b) [i.e., R2 and Req(a)]:
Req(b) ~
4
—_ Es
=
Find Req(c) [i.e., R3 and Req(b)]:
Req(c:) B
= Es
Find R. (R of the entire circuit.)
eq
R =
R1= T
L 4" R =140
- I t
—T; ks Req(c)—=
109

R=
J. ?50
=N =
s R, Ry
159 300
0z )

30
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17. Redraw this circuit, first to show a series circuit witn Rl and
Req (R2 and R3), then redraw again to show a series circuit with

one resistor (include ohmic value).

Circuit Reduction |

R.=

Fa= ? 3
60v 200 30Q Circuit Reduction 2

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS =~ TEST FRAME 17

| 2
S,
§0 =
1 1 Rt 20Q
T Ea= Req= T~ Ea=
60v 120 60v

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 34, OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN.

Since these circuits are part series and part parallel, this
seems like a good place to review these circuits. Fill in the
blanks in each of the followiny statements about a series cir-
cuit with the word or phrase which completes it.

1. There is/are path(s) for current.

2. Current is throughout the circuit.
3. The equivalent resistance is equal to the
L

of the individual resistances.
. The across each load device is proportional
to its resistance,.
5. The sum of all the voltage drops around a circuit is equal

to .

6. Total power dissipated in the circuit is equal to the sum
of the .

(1. one; 2., the same; 3. sum; k4. voltage, voltage drop,

potential difference, etc.; 5. source voltage; 6. power
dissipated in each individual load device.)
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19. In a parallel circuit:

1. There is/are current pathf(s).

2. is the same for each branch of the
circuit.

3. in any branch is inversely pro-

portional to the resistance of the branch.
L., Total current equals the sum of the .
5. Total resistance equals the reciprocal of the sum of the
6

reciprocals of the . .
Total power dissipated is equal to the sum of the

(1. more than one; 2. voltage or potential difference; 3. current;
4, branch currents; 5. resistances of each branch; 6. power

dissipated by each resistor)

20. In this series-parallel circuit, which resistors have total
current flowing through them?

e A A
R, =50

k3= 50

(RT and RU; the current is split between R2 and R3)

21. Find the equivalent resistance of the parallel network in frame
20. . '

(2.5 ¢)

22. RT of the circuit in frame 20 is
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23. Since you know ES and RT’ find IT using Ohm's Law.

m e m m e e e o e em e M o m m m e W s M M M M M e M o o o o e

(1 a)

24, Solve for ET'

—(A)
2
15ma

-m e et o o em em m m e em m em e @ m @ E o o o o M o o o
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25, Kirchhoff's Current Law may be applied to series-parallel cir-
cuits and often provides the clue needed to answer a circuit

problem.

is a simple application of Kirchhoff's Current Law:

In this circuit, IT and l] are given, so finding I2

—(A)
'l 2R
a - - =
2 IT I] | 0
1 E
— &8 = a-la-1,=0
— R, ST, R, 3
la
2a - |, =0
|. = 2a
Find total current.
R1 IT =
T
la ga
R, Ry
(6 a)
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26, Solve for ERI‘

(D

Seven-|

R1

(40 v)

27. Kirchhoff's Voltage Law applies to the series portion of a series-
parallel circuit in exactly the same way it applies to a straight

series circuit.

|

75v - 50v - E

In the diagram below, the source voltage is
divided as shown by the brackets E

([
o

2

m
n
N
\n
<

36
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28. What is the value of ER3 in this circuit? ER3 =

29. The second configuration of the series-parallel circuit is just as

easily solved when Kirchhoff's Voltage Law is applied.

In this case,

one circuit loop contains only one resistor and full source vol tage

ScreLS

appea I'S Qv woo
source voltage.

it.

1oV - 20V = 0,

A FE

R
s= 1
30v Er1=Es

B

Ry
Er2-10v
Ry

)Er s 20v

The other loop has two resistors in series across
In the second loop, starting a Kirchhoff's Voltage

Law equation in the lower left corner, E - E
(The equation for the

= 0 or 30V -

By
Fitst 185, RE3 is € -Eg, = 0.)

3

Find the voltage across Rl in the circuit shown below.

- e e wm m m m m e e e m om e m m e e - om & = . e = = e - - . e - - - -
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30. Solve for R..

.
R:g\ﬁv
3k BT Ry =
—1 100k«
p— R,
50ma 10ma
@

(50 k..)

31. Using the methods learned, solve the following circuit for ERB'

R.,= AL Br,. =
< 2

1
157 20v E =
4 R3
—_ULs
a R3
800

38
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32, Find the current through R2.

Seven- |

e T
Rl- Erz- ' )
A1 150 20v R2 —
Lo R.=
3
ﬁ)‘a 800
(0.5  or 500 ma)
33. Find the value of R2 in frame 32.
(R2 = 40 @)
34, Solve for ER6' ER6 =
R1= 250 R5=259
Rq® = =
;mé 2 4 6
S 500 259

(THIS IS A TEST FRAME,

COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)
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35.

Seven-t

ANSWER - TEST FRAME 34

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST
FRAME 38. OTHERWISE, GO BACK TO FRAME 18 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 34 AGAIN.

Power can be found in series-parallel circuits in the same
manner that it is found in series and parallel circuits. The
2

- Y - B -
formulas are P = El, P = IR, P = R and Pt = P] + P2 + ...t Pn'

Always be certain that the current and voltage you use are for
the component you are working with.

Find the power expended in R2 in the circuit below.
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36. Now see if you understand what you have learned. Solve this
circuit for R, |, P and E (total and for each component).

Place values in blocks below,

R1= Er2=
o 15 20v
Es
R_=
3
a 800
R I P E
Total
R1 15 @ 4 a
R2 20 v
R3 80 @
Req 283
R I p E
m|
Total 13.3 9 4.5 a 270w | 60 v
R1 15 @ 4 al280w | 60 v
R2 40 @ 0.5a|l 10w |20V
R3 80 ¢ 0.5a|l 20w [ 40 v
”" Q
Req 2&3 lzﬁ 0.5 30w | 60 v
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37, Now let's try another problem. As you have seen, keeping your
figures in a block aids you In knowing what you are looking
for and what you already have.

Ry =25+ R,=25"
_:.—L_:_Es R;:Q
Ru=259
’ R” 1 p E
Total 2 a
R1 25 0 2 a
R2 50 &
R3 25 Q
R4 25 @
Req 3 & 4
Feg R2:384 | _ |
R I p E
Total 50 & 2 a 200 100
R1 25 2 a 100 50
R2 50 1 a 50 50
R3 25 @ 1 a 25 25
R4 25 9 1 a 25 25
Raq 344 |5 % 1 a 50 50
Req 2,384 | 25 0 2 a 100 50
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38, Solve the following complex problem.

R‘ DO R" V'V R4

: 3 250

2 ’ 5 500
—_ Es 250v 100

- Re _
Rg 50" 509
’ RoLRRA . Remember to break the

circuit down to its

R I p E simplest form,
Total ' 250 v
R1 100 @
R2 | 100 §
R3 25 &
R4 50 9
RH 106 @
éa 50 R
R7 50 Q
R8 50 &
R9 50 &
Rog 1 & 2
Roq 8 & 9
Req 6 & 7
Rog 3+ 4> 6 &7
Raq 35 4, 5,687

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN ON THE NEXT PAGE.)

L3
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ANSWERS - TEST FRAME 38

R I p E
Total 125 @ 2a | 50w]| 250 v
R1 ' 100 & 1a |100w] 100 v
R2 100 & 1a | 100w]| 100 v
R3 25 % 1 a 25 w 25 v
R4 502 | la| 50w/ 50v
R5 100 @ 1‘a 100 w | 100 v
R6 650-2 10.5 a [12.5 w 25 v
R7 5C @ {0.5 aAA}Z.S W 25 v
RS 50 @ 1a 50 w 50 v
R9 50 @ 1 a 50 w 50 v
Req 1&°2 50 R 2 a | 200w | 100 v
Req B & 9 | 259 | 2al100w]| 50v
_eq 6 & 7 25 R 1 a 25 w 25 v
Roq 3» 4 6 &7 1009 | 1a{l00w|100v
Req 3, 4,5, 6 & 7 50 0 2a | 20w | 100v

IF ANY OF YOUR ANSWERS ARE INCORRECT, GO BACK TO FRAME 35 AND TAKE THE
PROGRAMMED SEQUENCE.

IE YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY
STUDY ANY OF THE OTHER RESOURCES LISTED. |F YOU TAKE THE PROGRESS CHECK
AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. IF NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY.
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SUMMARY
LESSON |

Solving Complex Circuits

So far you have studied series and parallel circuits. These simple cir-
cuits are found in numerous electrical devices. However, in our modern

society, most networks you will encounter will be more complex; they
will consist of combinations of series and parallel configurations.
Complex circuits are also called series-parallel, or combination
circuits.

In this lesson, we will develop some of the techniques that will en-

able you to solve complex circuits. Since most of what we have to
build on are the rules for series and parallel circuits, let us re-
view these important relationships.

In a series circuit, we found that:

T ] 2 3 e

- [}
E,=E +E + E3 + ... (Kirchhoff's Voltage
Ry = RI+R2 4+ R3 + ... Law)

However, in a parallel circuit, we found that:

- )
lT = l] + l2 + l3 + ... (Kirchhoff's Current
Ea = E] = E,=E; = ... Law)
]
R =
T ] ] ] ]
'R—]-"f"ﬁ"‘f'—R-;-"f' ...R—n'

The last relationship simplifies under certain speciz! conditions.
We saw that if all of the branch loads are of equal resistance:

R = resistance of one resistor
T number of branches

We also saw that for a two-branch circuit:

R = Rl x R2

T Rl + R2

We note that in all parallel circuits, Re is always less than the
smallest resistor. q

-

For both series and parallel circuits, the total power consumed is:

PT = P] + P2 + P3 + e Pn.
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In this lesson, you will be confronted with complex circuits. It

is helpful to redraw such circuits before analysis. In the circuit
shown below, an equivalent resistance, R__, for the parallel network
can first be found: €q

Ra
R R
.[ — AN ‘ﬁé?v—
Ea _

and then the series circuit analyzed.

Ry Req
Wv' _WV

.l

|

Determining | in the above circuit enables a determination of the
voltage drop across the parallel group of resistors represented by
R . Once we have this drop, we can go back to the original network

aﬁg find each of the branch currents from Ohm's Law.

You may sometimes have information which gives all but one of the
potential difference values across the elements or groups of elements
in the series part of the circuit. Here Kirchhoff's Voltage Law can
be used to find the missing voltage, and the balance of the circuit
can be solved, using Ohm's Law.

You will often find that the circuit diagrams for a system contain

more information than you need for a specific problem. It may help

if you redraw the section you are concerned with so that you can better
see the functions of these parts. One good way to redraw some part

of a system is to follow the path of electron flow through the components,
drawing each one as you go. Be sure to include all the components and

junctions involved.

Try these practice problems to see if you have mastered the above
approaches.

Lé
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1. Simplify the circuit and find:
R R |
AN~ ‘ T — RI'
10
. . Ec Rz Rs 'T. 'Rza
—— J0v 30 60 :
R]® e 'R3'
Epp Py
ER3.

2. Simplify the circuit and find:
RT' ERS'
'T‘ 'Rz‘
ERI' 'R3'
v Epp— VI p—
ER3' 'RS'
ERQ'
3. Solve for R3.

L7
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Answers :
1, RT = 30 .. lRI = la SimplifiCé§ion:
1
I; = la lpp = 667 ma A L
E.. =10 v | = 333 ma L Ea= Req™
R R = 9
_ 3 =T 30v é 20
Epp =20 v Po= 30w ]
E = 20 v
R3 l. Las _
— 30v Ry~
300
2, RT = 30 . Simplification:
. = 2a
T
£ 30 Rl
= v
c : —— 60v 30 309
R3 - 3 A _—1
Eayy = 12 R1= 155
ERS =5y _L A
—— Ea= Req=15 ¢
IR2 =1 a — 60v
IR3 = | a
[ = | a
RY
—L Ea: L
IRS =1 a —_ 6OV : Rt=
o 308
3. R3 =30 .

AT THIS POIMT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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OVERVIEW
LESSON [

Voltage Reference

In this lesson you will study and learn about the following:

-why we study voltage reference
-negative and positive voltage
-point of reference

-ground

-ground as common

-polarity of circuit components

-obtaining negative and positive voltages

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON
THE NEXT PAGE.

50
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LIST OF STUDY RESOURCES
LESSON ||

Voltage Reference

To learn the material in this lesson, you have the option of choosing

according to your experience and preferences, any or all of the following:

STUDY BOOKLET:
Lesson Narrative
Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-la 'Basic Electricity, Direct Current."
Fundamentals of Electronics. Bureau of Naval Personnel.

Washington, D.C.: U.S. Government Printing Office, 1965 .

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME. '
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NARRAT IVE
LESSON 11

Voltage Refcrence

Why We Study Voltage Reference

In your work in the electrical field, you will discover that some
circuit components such as electronic tubes and transistors require
what we call negative voltage to operate them.

Some circuits then, often ccmplex configurations, are designed
to supply both positive and negative voltages.

Negative and Positive Voltage

Perhaps now you wonder if a negative voltage has any less zap than
a positive voltage. The answer is that 100 volts is 100 volts,
whether it is negative or positive. The direction of current

flow does not affect the feeling you get when you are shocked.

Point of Reference

A positive voltage means that the point from which we are
measuring has fewer negative charges (electrons) than the point to
which we are measuring, a negative voltage indicates the reverse;
that is, the point from which we are measuring has more negative
charges (electrons) than the point to which we are measuring.

For example, if you place your voltmeter probes across a 12-volt
battery, you get a meter reading of about 12 volts. This means that
the negative terminal is 12 volts more negative than the positive
terminal, or that the positive terminal is 12 volts more positive
than the negative terminal. The voltage is considered negative

or positive depending on the location of your reference point.

Reading across the battery, we indicate 12 volts positive with re-
spect to the negative terminal. Or, we indicate 12 volts negative
with respect to the positive terminal,

In this lesson we will learn how to establish a common reference

point in a circuit to supply the amount and polarity of voltage re-
quired for particular loads.

Ground

To understand how grodnd can be a common reference point in a cir-
cuit, you first need to be familiar with what is meant by ground.

52
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Frequently, in pieces of electrical equipment, the complete path

for electron flow is not supplied by wires. Instead, a wire from

the source may be attached to the metal chassis or case of the equip-
ment as schematically indicated here.

Notice the symbol at point A which
indicates the wire is attached or
grounded to the chassis. is

B

it

——

A one schematic symbol used for ground.
Now the circuit can be grounded

to the chassis at point D as shown.
At first glance, it may appear as if

%c
D
B | C the circuit is open between points
A and D, but this is not so. In
-~ this case the ground symbols indi-
=t [)
%(3
=D
/

cate that the path for current flow
is completed by the metal chassis
itself. '

Thus current flows through the metal
chassis from point A to D and
through the circuit. A common exam-
ple of wiring that is grounded in
this manner is the wiring in your
automobile.

).
S}

~ -~
SN -V
Let's see how ground relates to other parts of the circuit., |If
you were to take a voltmeter reading from grcund (point A) to point B
in this circuit, you would read a 12~

B ¢ volt difference in potential. Point B
would be 12 volts more positive than
ground (point A) because ground (point

- D
T

1

In other words, in this schematic at ground, or chassis, we have the
same potential as we have at the negative terminal of the battery.

A) is connected directly to the negative
terminal of the battery.

Similarly, ground at point D is at the same potential as ground at
point A, |If you measured voltage from ground (point D) to point C,
you would have a negative 12 volts across the load.

Equipment may be grounded to the chassis at almost any point on the
circuit that the manufacturer chooses.

NOTE: These two symbols "re used interchangeably throughout this lesson

—

to represent a reference point. The symbol that iooks like a
"rake'' is most commonly used to show a connection point to chassis.

ERIC 53
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Ground as Common

Ground is not always used to complete the circuit. Sometimes it is
used as a common reference point as shown in the two schematics

below.

Notice that figure (b) shows ground
with a forked symbol like this

—— — This symbol is frequently used to
represent chassis or common refer-
ence, All voltages are measured
with respect to the common point.

(a) (b)

In such cases the chassis or common is almost always considered to
be at zero potential. (If a metal chassis is not at zero potential,

we say it is floating.,

If a technician were measuring the
output voltage of this circuit, he
would clip one voltmeter probe on
the chassis itself, and then move
the other probe to the points he
wished to measure with respect to the
chassis. With the second probe at
point A, he would measure a differ-
ence in potential of 10 volts.
(Observe that the voltage drops
across Rl and R2 would both be 10
volts:) Notice that point A is 10
volts positive with respect to the
chassis.

Now if the technician moved the probe to point B, he would read a 20~
volt difference in potential. With respect to the chassis, point B is
20 volts positive.

Polarity of Circuit Components

Observe in the circuit we have just been measuring that Rl and R2 are
labeled according to polarity. You will recall that the end of the
load that current enters is designated as negative. The end from
which current leaves is designated as positive.
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Label the polarity of the resistors in this schematic.

B
R? '
.
—_—— 20V 10 @ A
- R2
10 ¢

The polarity signs should be the reverse of what they were in the

preceding schematic because current is flowing in the opposite
direction now.

With respect to chassis, what do you think the voltage and po-
larity would be at point A?
« « « + . . at point B?

Point A is 10 volts negative with respect to the common reference
because ground is now on the positive side of the source, and

point A is 10 volts less positive than chassis. Point B is 20 volts
negative with respect to the common reference.

Obtaining Negative and Positive Voltages

Let's see now how we can get both negative and positive voltages
from the same circuit.

In the following schematic, what will the voltmeter measure
across R1? Across R2? Across both Rl and R2?

e R] =
R.= ¢ R2 =
N . 1 VS
"F"lzv 50 b R1 + R2 -
R,a5Q
a

Of course Rl will be 6 volts and R2 will be 6 volts. Across Rl and
R2 together the meter will measure 12 volts.

Now take the same circuit and add ground as a reference at point
B, then read voltages.
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Suppose we place chassis ground at

point B, With reference to the chassis,
we find that point A is 6 volts negative
because point A is in a more nega-

tive position in the circuit than

is the chassis.

E’]ZV

1

Now if we measure from the common
reference to point C, the meter will
again indicate 6 volts. At point C,
however, it is 6 volts positive with
respect to chassis.

You have seen how the same circuit can supply both positive and
negative voltages with respect to a reference point == in this
case a -6 volts and a +6 volts.

Always remember, as you measure toward the negative terminal from

the reference point, your voltage will be negative with respect to

common zero reference. As you are measuring away from the negative
terminal, your voltage will ve positive with respect to common ref-
erence.

Study this schematic, then:
1. determine the voltane drop

A across each resistor.

Rl 2, state the voltage at points

10 @ A, B, and C, and whether they
- . are negative or positive with
e 30y respect to chassis.

R2

10 @ At point A

R3 At point B

10 @

At point C

-

You should have determined from what you have learned about volt-
age reference that point A is 20v negative with respect to chassis,
point B is 10v negative, and point C is 10v positive.

In the next lesson you will learn how networks are designed to sup-
ply loads that require these positive and negative voltages.
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BEST COPY RVAILARIT

Practice

With respect to the chassis, what
is the voltage at:

point A?

N point B?
- 60V
point C?

point D?

@

Answer - Point A = -50v Point B = -30v Point C = -10v
Point D - +10v

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF
THE OTHER RESOURCES LISTED. [IF YOU TAKE THE PROGRESS CHECK AND ANSWER
ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY
ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUES-
TIONS CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON 11

Voltage Reference

THE TEST FRAME IS 24, AS BEFORE, GO FIRST TO TEST FRAME 24 AND SEE IF
YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN
AFTER THE TEST FRAME.

1. You will recall that to measure a voltage there must be a dif-
ference in potential.

Select the meter or meters measuring a difference of potential.

B
A'AA %

g0y -

(A, C)

2. To have a difference of potential, one point must be more or less
negative than another point.

Point A is negative than point B.
more/less

——.—'WVVV%‘

B

wodan

AN

R

{less)

58
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3. When measuring voltage in a circuit, we measure a point against a
reference,

The point in a circuit against which other points are compared
is known as a/an '

{reference)

L, Most electronic equipment uses the chassis as a common point of
reference.

When measuring voltage in a piece of electronic equipment you
use the as a reference.

(chassis)

5. The schematic symbol! for a reference point is a series of parallel
lines in the shape of an arrow head.

Which of the following is the symbol for a reference point?

AT
A
. _{—l—

(c)

6. This common reference point is known as ground.

Draw the schematic symbbl for ground.
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7. Using ground as a common point makes the drawing of a schematic
much simpler as shown below.

Normal Circuit Using Ground
‘b
> J_ 4
J- " ‘:
—_—— $ —— e
b4
<
— -_—

Redraw the following circuit using—bround as a common point.

o ]
1

AAAAA
VYV

S —
\ i }

NOTE: These two symbols are used interchangeably throughout this lesson

+ r

to represent a reference'point. The symbol that looks like a
'"'rake' is most commonly used to show a connection point to
chassis.
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8. Current actually flows through the chassis between the ground
connections,

With arrows show the direction of current flow through the chassis
in the below circuits.

A B

-

Sz~ Nz 7

ol I F

l"!‘* MAAAA/
1 L
T

9. Another schematic symbol! frequently used for chassns grounds
looks like a garden rake.

Select the schematic symbols for ground.
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10. Let's discuss another use of ground connections.

1

If you read voltage from ground (point A) to point B you will
read 12 volts. Point B will be 12 v positive in respect to ground
(point A) because ground (point A) is on the negative side of the

battery.

Point D would measure what voltage with respect to ground (point C)?

“{12v positive)

11. What is the difference in potential between ground (point A) and
ground (point C)?
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12, Since ground is used as a reference point with which all other
points in a circuit are compared, it is said to be at zero poten-
tial and can be placed anywhere in the circuit.

For example: —dm

T

.

A 4 A4 hA A 4 4

=
N

AA A i AA A

Draw ground as a reference between R2 and R3.

R1
R2
R3

Rl

R2
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13. Now let's see how moving our reference affects the voltage in a

circuit,
A
R1
5
i B
- R2
—_ 1b¥
5 Q C
R3
50
D

In the above circuit you can see that each resistor drops 5v.

Measuring the voltage between points A und C, you would read V.

(10)

14, With ground at point C, what voltage would you read between
points A and C?

A

bv

15y Sv

bv

(10)

15, What voltage would you measure between point A and D in the illus-
tration in frame 147 v
(s)
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16. As you can see, the ground does not affect the voltage drop across
the resistor. But it does allow us to have positive and negative

voltage. A
)Y

1 B
T LYY

C
5v

=
?

In the circuit above, since the reference (ground) is at the most
negaiive puint in the circuii all vcltages measured will be positive.

If the ground were moved to point A, what would be the polarity of the
voltages measured?

(negative)

65




P.1. , Seven-1|

17. To aid you in understanding what polarity you have at any
point in a circuit, you must assign polarities to the circuit
component.,

(Remember that a negative polarity is assigned to the end of a
component where current enters, and a positive polarity is as-
signed to the end where current leaves.)

Label the polarity of the components in the following circuit.

Note: Even though the lower end
of Rl is marked + and the upper
end of R2 is labeled - they are
at the same potential,

.
3]
e

18. Now let's.take the previous circuit and place a ground between

and R2, _:1 A
R1
o 10 @
_%_ 20v B
R2 =
10 @
C

Using ground as a reference, what is the magnitude and polarity
of the voltage at point A?
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Seven-||

Refer to the illustration in frame 18, What is the maynitude and
polarity of the voltage at point C?

- ®m e e @ @ @w e ® w ® @ ® @ = 4 - - ®. e e e e e e e e ® @ @ ® =@ = =

(+10v)

In the illustration in frame 18, what is the voltage between point
A and C?

(20v)

21,

Use the following schematic for frames 21 through 23.

A

R1

10 @ B
-  30v

R2

10 o &L

R3
10 @

As you can see, polarity of voltage can only be stated with re-
spect to a reference. In the above circuit, ground is the reference.

What is the polarity and magnitude of the voltage at point A?

(-20v)

Determine the voltage polarity and magnitude at point D.

(+10v)

23,

Determine the voltage polarityvand magnitude at point B.

- ® @ ® @ — @ @ e e~ ™ e e @ e 2w e e @ e @ @ @ @ @ @ ® @ @ ® @ % = =
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2k, State the voltage and polarities as indicated with reference to
ground.

a. Point A
b. Point B
c. Point C

d. Point D

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 24

a. -=20v
b. +20v
c. +hov
d. +60v

IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAME 1 AND
TAKE THE PROGRAMMED SEQUENCE.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK,
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. |F NOT, STUDY ANY METHOD

OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUES-
TIONS CORRECTLY.
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SUMMARY
LESSON |1

Voltage Reference

In your work with complex circuits, you will find that some points

in a circuit require a positive voltage, and others require a negative
voltage or potential difference. Basically, a negative voltage is
merely a difference in potential observed from a different point,
whereas a positive voltage means that the point from which we are
measuring has fewer negative charges (electrons) than the point to
which we are measuring. A negative voltage indicates the reverse;
that is, the point from which we are measuring has more negative
charges (electrons) than the point to which we are,measuring.

Consider the circuit below.

METAL CHASSIS

A

Two new elements are included. One is labeled S, and is a double-pole,

double-throw switch; the other is the metal chassis that the circuit

rests on, Note that if S is thrown to the right, the top of the
esistor is positive with respect to the end connected to the metal

chg55|s However, if S is thrown to the left, the top of the resistor

is negative with respect to the other end. |f E were 100 volts and

you touched one hand to each end of R you would receive as great a

shock from the positive voltage (S to the right) as you would from

a negative potential difference (5 to the left).

There are advantages to establishing a common reference point in a
circuit such as the metal chassis point shown above.

Historically, one of the earliest and most often used references of
this type was the earth itself, or ground. Consider a type of tele-
graph system shown at the top of the next page.

Every time S is closed and opened, the light bulb at the other end
flashes. Note that the circuit may be quite long, and only one wire
is used, thus saving on materials. Effectively, when S Is closed,
electron current flows from the cell through the switch, long wire
and lamp to the ground at point D to point A, completing the circuit.,

L
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Summary

LONG WIRE

B I
3

B
/
I,

- @ = @ @« W ew ® e e = 4 ® @ 9 4 W e e m wEm e e w e e

CROUND A= GROUND

(In actual practice, all that is .ecessary is that electrons flow
from the earth into the circuit at point A and to the earth from

the circuit at point D.)

As already mentioned above in our double-pole, double-throw switch
experiment, ground itself is not always used to complete the circuit.
Somet imes the metal chassis on which a circuit rests Is used as a
reference point, or artificial ground. It can be placed at many

different points as shown in the simple case below.

By definition we usually consider the earth, or the local metal chassis
or common connection point, to be at zero potential, (I1f a metal chassis

is not at zero potential, we say it is floating.)

The three figures shown above can be used by design technicians by apply-
ing the strategy in reverse. Depending on where the ground is placed,
we can obtain various sources of negative or positive potential.

in the circult shown at the top.of the next page, where would you place
the common or ground connection to make point A 10 volts negative with

respect to the chassis?
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10 &

| |
I 1}

30v
10

10 Q

Answer - Since there are 30 volts applied to an R. of 309, each re-
sistor has a voltage drop of 10 volts across it. Since we
desire point A to be 10 volts negative with respect to tne

chassis, we would place the common chassis connection at
point B,

Where would we place it if we wanted point A to be 30 volts negative
with respect to the chassis? How could we make point A 20 volts posi-
tive with respect to the chassis?

Answer - The common chassis connection would be placed at point D;
point A could be made 20 volts positive by placing the
connection to the chassis at point C, after reversing the
leads to the battery, thus changing its polarity with res-
pect to the rest of the circuit.

NOTE: These two symbols are used interchangeably throughout this lesson

to represent a reference point. The symbol that looks like a
"rake'' is most commonly used to show a connection point to
chassis.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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OVERVIEW
LESSON 111

Voltage Dividers

In this lesson you will study and learn about the following:

-voltage supply
-no load conditions
-load conditions

-designing a voltage divider

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON
THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 11

Voltage Dividers

To learn the material in this lesson, you have the option of choosing,

according to your experience and preferences, any or all of the following:

STUDY BOOKLET:
Lesson Narrative
Programmed Instruction

Lesson Summary

" ENRICHMENT MATERIAL: .
NAVPERS 93400A-la 'Basic Electricity, Direct Current."

Fundamentals of Electronics. Bureau of Naval Personnel.

Washington, D.C.: U.S. Government Printing Office, 1965.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRATIVE
LESSON 111

Voltage Dividers

A Voltage Supply

When we need specified voltages or a specific voltage magnitude
and polarity to operate components or equipment, we often con-
struct a circuit which is called a voltage divider. A power
supply frequently contains a voltage divider. A voltage divider
is a series-parallel circuit.

No Load

Let's design a voltage divider to provide three voltages from a
30-volt battery. The voltages wanted are -20 volts, -10 volts,
and +10 volts. This circuit should provide these outputs very

nicely. ~
4) . —e =20V
Rl=
104
J—_: h;(‘;‘ ~10v
—_— v R.=
/ 18¢
—_—
R.=
3
10 —t
—e +10v -

Load Conditions

Now look at what happens when you use one of these outputs to
operate a load. Assume you need +10 volts to operate a 10-ohm
load. When the load is connected between the +10-volt connection
and ground, it is in parallel with R3. Solving this complex
circuit for load voltage shows that it is less than 10 volts.
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Find: R of R3 and load

] 30v
- X _

ELOAD —

Req is 5§ IT = 1,2 a; ELOAD =6v

You can now see that designing a voltage divider without considering
the load resistance {or current) does not work.

Designing a Voltage Divider

Assume we begin by knowing only that we have a series circuit with
three resistors and an applied voltage of 24 volts. We want to
furnish voltage to two lamps, a 12-volt lamp and a 6-volt lamp.
The 12-volt lamp will draw 8 milliamps of current; the 6-volt
lamp, 2 milliamps.

We need to find what value of resistors will do the job.

We plan to add the 6-volt lamp across R3
because it requires less voltage than
the 12-volt lamp.

Note: The schematic shows the new branch
running to chassis (grounded to the chas-
sis) where current makes a complete path

through the metal case. It could also be

drawn with a line indicating connecting
wires.

R ' Now we add the 12-volt lamp across R2

1 and R3 as shown. It Is also grounded to
A Bra _ the chassis.

pS=2 The 6-volt lamp draws 2 milliamps, so we
R B 12v can write that on the horizontal line as
3 N el shown. The 8 milliamps that the 12-volt
6v lamp draws is written on the proper line.

7
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Notice that we now have a voltage divider consisting of Rl, R2,
and R3. The lamps, DS| and DS2, are the load resistances. One of
the divider resistors has none of the load current flowing through
it. This resistor is designated the bleeder resistor.

R
J—2av 1 8ma . In this network, R3 is the bleeder
R2 D§=2 resistor,
bleeder ma
resistor 3 DS=1{ 12v
6v

There are three steps to follow in order to design this voltage

divider network once the load voltages and currents have been
determined.

Step One: Determine Bleeder Current,

Ema

——24v R
T 2ma DS=2

12v
RyS DS-1
_ bleeder 6v
J resister

N

Current drawn by the bleeder resistor is usually 10% (1/10) of the
value of the sums of the load currents.

'DSI + lDSZ x 10% = IR3

8ma + 2ma x 10% = Ima

Also, we know that the bleeder resistor, R3 is in parallel with
the 6 volt load. |If we need 6 volts across the load, then, ER3
must be 6 volts. .

Using Ohm's Law, determine the resistance value of the bleeder
resistor.

R3 =

Bleeder resistor is determined to be 6 kilohms.
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Step Two: Determine the Needed Value of R2.

R

8 ma

- 24 R
- v
s 2 : X =2

2 na

Y 12v
R3
6k
S lma —= -

Now we need to know what value resistor to use for R2. We can
solve for R2 by Ohm's Law if we know the current through this
resistor and the voltage drop across R2.

At point B, current through DS1 (2 ma) joins current through R3

(1 ma) for a total of 3 milliamps flowing through R2. Looking

at the schematic we see that the 12 volts to supply the second

load is tapped off across both R2 and R3. We know that the voltage
across R3 is 6 volts. For the voltage across R2 and R3 to equal

12 volts, the voltags across R2 must also be 6 volts.,

If ER2 is 6 volts and IR2 is 3 milliamps, what is the value

of R2?

You should have found that R2 needs to be 2 kilohms.

Step Three: Determine the Needed Value of ﬁl.

We find the value of Rl in the same way we solved for R2 -~ de-
termine | R] and E R1 and apply Ohm's Law.

A
’f? 24v R K
T kn
. 2 ma DS=2
l12v
R, = DS=1
3
6k O 6v

19
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Recall that we have 3 milliamps going through R2. At point A,

this current joins with the 8 milliamps through the second load

to be a total of 11 milliamps through Rl. Then 'Rl = |1 milliamps.
Voltage drops across R2 and R3 equal 12 volts. The applied voltage
is 24 volts; therefore, the remaining 12 volts must be dropped across

Rl. Then ERI = 12 volts.
By Ohm's Law Rl = :2 Y = 12 v = 1.1 k@
1 ma

11 x 1072 a
Rl needs to be a 1.1 ki resistor.

We have desianed a voltage divider that will actually supply

6 volts to DSI1 and 12 volts to DS2 by following these four
steps:

1 Determine bleeder cuvrent.
2. Determine the value of R3.
3. Determine the value of R2.
L. Determine the value of RI.
If the circuit had more or fewer resistors, there would be more
or fewer steps, of course. The objective is to determine the
correct value needed for each resistor in the circuit to supply
output voltages as required by the loads.

Now see if you can design a voltage divider for the following:

R a 50-volt lamp that draws 5 milliamps

and a 100-volt lamp that draws 15
200V milliamps.
<E$;> Rz Bleeder | =
. R3 =

1{3

Bleecder R2 =
Rl =

Your divider should look like this:

Rl- Bleeder | = 2 ma
45K 15ma
L R lo, = 2 ma
@209}“” R3
3 N 100v £R3 = 50 v
25K S0V
80
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q‘) 20()\lR2__=<L

7.1k

or this:

15ma

Sma

3 00V

Seven-111

IR2 = 7 ma
ER2 = 50 v
RZ = 7 k
ERI = 100 v
IRI = 22 ma
Rl = 4.5 ki

By working out the quantities for the voltage divider

find E .
a

hj—

below,

Load Current = 50 ma

Rl=
2K ___gilﬂiﬂ_ Bleeder | = 5 ma
t2” Epy =
3k" 15 pa__
R3= Ra ER3 =
5k | £ =
R R2
10k} Dsi R1
= = — E =
= — a .
Your answers should be: ERh = 50v
ER3 = 75v
ERZ = 90v
ERl = |10v
Ea = 325v

Now suppuse you need to design”a voltage divider to supply both a

negative and a positive voltage.

Your procedures are the same as

for designing any other voltage divider, except for locating ground.
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n [ Ps1  Indicate the placement of chassis
Rl 50v ground necessary in this circuit
L 8 La to obtain a negative 20v at point
= A N C and a positive 50v at point D.
T 70v R =
R2 3
5 ZOVi Za
C
In order to get a -20 volt output and a +50 volt output you should
have placed your reference as shown below:
' R1 nel
$ 50v
= 3 4
1F70v a
A
P d R3= —L-
R =3 b 9 =
2 ': ?OV:
50 2a §
Solve for the value cf Rl in the circuit shown above.
R1 =
To solve for 11, you must determine current through R2. E., must be
20 volts to supply DS1, and resistance is 5 ohms; therefore, IR2 =
b amps.
¢ DS1 draws 4 amps. It gets 2 amps
ps1 from the current flowing through load
R +50v R3. At point B the 2 amps flowing
4 1 ba through R3 join with 2 amps of the 4
-;30v ALt 2a 3] amps flowing through R2. The uther
7a 2 amps from R2 flow through Rl.
52 R, =20v
2 3 -
L B 2a

| then is 2 amps and ERl must be 50 volts to supply the load.

R1
By Ohm's Law, we cen calculate that Rl = 50 or 25 Q.
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Problem

%Rl
, éRs
R, R, R,
S
i :

If switch S1 is closed, what will happen to the following:

(indicate with arrows) [

Answers: [
ns T

P

AT THIS POINT YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED. |IF YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON 111

Voltage Dividers

TEST FRAMES ARE 15, 23 AND 28. AS BEFORE, GO FIRST TO TEST FRAME 15 AND
SEE |IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS
GIVEN AFTER THE TEST FRAME..

I, Recall that different polarities of voltage can be obtained by
varying the common reference in the circuit.

The common reference point in a circuit is called a

and its symbol is .
L )
(ground; ~ )

2, As you have already learned, a series circuit can provide various
voltages depending upon where the voltage is taken from,

How many voltages could be provided by the following circuit?
Assume ground is always part of the load cjrcuit.

A
k R]= 54
— 60v ;' B
ﬁ R?= 109
! - ¢
. = y
§ R,= 450

- s e e @ wm m @ m e @ e @ e @ @ @ m om @ m e W @ @ m m @ e o m wm e e = -

(three)
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3. Refer to the above diagram. What is the voltage magnitude and polar-
ity.at points A, B, and C with no loads cpnnected?

(A, +60v; B, +55v; C, +i5v)

4, As you can see, various magnitudes and polarities of voltage can be
supplied by a simple series circuit. This is the purpose of a
voltage divider.

State the purpose of a voltage divider (in your own words).

(To supply various polarities and magnitudes of voltages.)

5. In its simplest form, a voltage divider consists of a simple
series-parallel circuit. The parallel portion contains the load
(DS1) being supplied.

Circle the load in the following:

L
]

[

i
(/]

"

N —t
| PPN
o
lF@J

g
P
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6. First let's take a look at the series portion of a voltage divider.

Solve for:
a. IT .
R.=
A ] b. E
TLsa75v 50 Rl
c ERZ'
R =
1 1000
: e. |R2'

(a. 0.5a or 500ma; b. 25v; c. 50v; d. 0.5a; d. 0.5a)

7. This condition with no load connected is known as the no-load
condition,

Which of the following diagrams shows the no-load condition?

A
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8. Using the same circuit, let's see what happens when a load is

attached.
Solve for:
a. lT’
-;E;;=75V ﬁul: a i. ER]~
P VY
§R2= wor 4 Eroap:
iiloosz load e oy
= = = o tgo-
9. Iioap

(a. 0.75a or 750 ma; b. 37.5v; c. 37.5v; d. 37.5v; e. 750ma;
f. 375ma or 0.375a; g. 375ma or 0.375a)

9. As you have seen, connecting a load to a voltage divider changes
the output voltage.

Use arrows to show what happens when the load is connected.

1., .
1 bty
N R “‘LEE?“‘] |

1
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10. The resistor R2 in the below circuit is known as the bleeder
resistor. '

Circle the bleeder resistor.

11. The bleeder resistor is a resistor in the voltage divider network
through which none ~f the load current flows.

Solve for the current flowing through the bleeder resistor under
no-load condition.

Q
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12. We have discovered that the voltage available at a given point un-
der no-load conditions is not the same as the voltage at the same
point when a load is attached.

(Note:

Seven-111

This is true only when

there is a. resistor through which the load current will flow be-

tween the point where the load is attached and the source. )

It

becomes apparent then that a voltage divider must be designed to
supply a given load.

Let's see how this is done by designing a voltage divider to sup-

ply a load drawing 10 ma requiring a voltage of 24 v,

First the current through bleeder resistor R2 is determined by

knowing that lR2

load currents.

usually is 10% of the value of the sum of the

Second, find the resistance value of bleeder resistor R2.

AAAAA
YV VWV

10ma

24y

2 .

Find IR
Find IT
Find RZ'

(I. =11 ma) First, 102 of 10 ma

use your knowledge that current in parallel branches join and are
added to become total current.

lT = lR2 + load current

lT =]l ma+10ma=11 ma

(R, = 24 K) You had to do a little thinking here.

Next came the need to

You had to

fifst remember that the branch voltages in a parallel network are

the same. Then you had to use Ohm's Law to find RZ'

2bv
RZ "1 ma
R2 = 24K
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13, Kirchhoff's Voltage Law (Es - Eqp " Epp = 0) enables you to find

the voltage drop across Rl.

Solve for E l

ERi
Es=36v
* DSl
— A
(12v)
14, Knowing |. and E ] enables you to determine the value of RI,
solve for Rl:
1 llma s E".1=
T R1 3 1w _
Es=36v  ~ 2> 10ma 2uv
RI
R 2l-ka DS1
= 'lma
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I5. Determine the value of resistance for Rl to supply the indicated
load. ‘

R1

Sma 75v

(THIS IS A TEST FRAME. COMPARE YOU ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 15

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO TO TEST FRAME
23. OTHERWISE, GO BACK TO FRAME | AND TAKE THE PROGRAMMED SEQUENCE
BEFORE TAKING TEST FRAME 15 AGAIN.

16. You will work with voltage dividers which are used to supply more
than one load. They are solved in the same way as the simple
voltage divider you just solved. Let's go through one step
by step.

12ma 100v

8=190v —-e-
R R
? 8ma 50v 3
Ry .

92
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17. You now know the bleeder current and the current though load |.

L.

13 12na 100v
Es=190v - | =
R R2
23 8ma 50v _ _
R [ _toad? ]
= 3¢ 25k Q ¢ load
i 1 =

(10 ma)

18. The voltage drop across.ﬂg can be determined by application of
Kirchhoff's Voltage Law.

R

= 00
8=190v ;2mi, l M
R2 ERZ -

(Era = ELoan? ~ ELomn!
ERZ =100 v -5 v
ERZ = 50 v)
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'Solve for ERI_

3

R1

- e = = = - - » @ = e = - - e e @ m e wm e @ wm e m e = - e e em m @ m w -

(90 v; Ea - ELOAD 2)

20. Using the current through R2 and LOAD 2, total circuit current can
be found. ' h—

Er1=90v

12ma 100v

—-—

Lks=190y

Solve for IT
Ir?a 10ma

2]1. Now -ulve for the value of Rl, using the information in the above
circuit,

- e m a4 e m w s @ e - @ e e @® e ® e @ @ @ @ m e o m m W™ @ M e m @ em w -
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22. Solve:

R, $2%0 a. Bleeder | =
= 50 ma =
T % b. ERlc

R 3k =

2 | c. ER =
30 ma l load 3 3

R, g 5k° d. Bra =
= 20ma 50v e E . =
- R DS1 -::.h- ) Rl

4 load f. E_ =

(a. 10ma; b. 50v; c. 150v; d. 180v; e. 220v; f. 600v)

23. Using the partial schematic below, design a voltage divider sche-
matic having a source voltage of 35v that will furnish:
0S1, a 12v lamp drawing 2 ma, and
DS2, a 24v lamp drawing 8 ma.

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS ~ TEST FRAME 23

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST
FRAME 28. OTHERWISE, GO BACK TO FRAME 14 ..ND TAKE THE PROGRAMMED

SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN.

24, As you leained earlier both positive and negative voltages may be
obtained from a single voltage divider by placing a ground in the
circuit as a reference.

Solve for voltage and polarity.

Point A

Point C
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25, Solve for the magnitude and polarity of voltage with respect to
ground, :

| =

L ; load 1 CLOAD
Ry 1°"“§ 0k

26. Solve for magnitude and polarity of voltage with respect to ground.

_[: load
= 35v Rl 1k 1

1k Q

Eoap 1 ®
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27. Using the methods learned, solve the following for magnitude and
polarity with respect to ground:

g, L0002 ggload 2
= 300V 1339 ELoap 1 =
Ry 21000 'l? Eomp 2 =
la 1

------------------------------------

-100v; E = +200v)

(EoL1 = RL2

28. In the schematic below, determine the value of Rl and indicate the
placement of ground required to supply the loads as indicated.

-50v load (2 amps), and
+100v load (3 amps)

load 1
+100v Rl =
3a

load 2
=50v
2a

(THIS IS A TEST FRAME. COMPARE YOU ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 28

load 1
R 100 +100v

3a

1
1 load 2
'=.R 25Q «50v

2 2a

IF ANY OF YOUR ANSWERS 1S INCORRECT, GO BACK TO FRAME 24 AND TAKE
THE PROGRAMMED SEQUENCE.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU
MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE
MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR LEARNING

SUPERVISOR.

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF

YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION
YOU WISH UNTIL. YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS
CORRECTLY., THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKE THE

MODULE TEST.

99
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SUMMARY
LESSON (11

Voltage Dividers

When voltage of a specific magnitude and polarity is needed to operate

conponents or equipment, we often construct a circuit called a voltage
divider. It is usually a series-parallel circuit.

Let us consider the values for a voltage divider needed to supply

voltage and current for two small loads, DS1 and DS2. The circuit
may look like this:

Ea-——
(Given
B value)

J

"First, we must determine the load requirements. For this example, DSI
is a 6-volt lamp which draws 2 milliamps and DS2 is a lamp that requires
12-volts and draws 8 milliamps. The applied voltage (E ) is 30 volts,
and IR3 usually is 10% (l/log of the value of the sums Of IDSI and IDsz

R
12v 8ma
— Ea=
j 30v R2 6 3
v Zua wﬂz
R3 DS=1

From this Information, you can find l,, (1 ma) and R3 (6 kilohms) by
using Ohm's Law. must be the sum'Gf | R3 and | (3 ma) and E
must be 6 volts to §apply 12 volts to DS2. “R2 is Pgund using Ohmﬂg
l.aw, to be 2 kilohms. is the sum of |_, and | (IJ ma) and E

equals 30 v - 12 v (18 v§' So Rl must be 1636 ohm8°fa 1700-chm re-"
sistor would be used).

Because the current flowing through R3 does not flow through the loads,
it Is called bleeder current. R3 is “called the bleeder resistor.
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To review the procedures in finding the values for a voltage divider,
the following steps are used.

1. Determine the load requirements, source voltage, and bleeder
resistance (current).

2, Calculate the resistance needed to provide the voltage for the
second load.

3. Repeat step 2 for each additional load.

L, After the divider“resistor value for the last load is found,
subtract that load voltage from the source voltage. Using
Ohm's Law and total current, find the resistance value needed
to drop this difference.

Apply this method to find Rl in the circuit shown below:

R
1£783= 150v 12.5ma
T 250v Rz

75v 6ma
R —1 load-2
3 _ load-l
— L . - R
Rl = 5 K

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO
TO THE NEXT LESSON. |IF NOT, STUDY ANOTHER METHOD OF INSTRUCTION UN-
TIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.




